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OBIIAA XAPAKTEPUCTHUKA PABOTHBI

AKTyaJIbHOCTh TeMbl jauccepraumu. B  Keipreisckoir  Pecnybnuke
Kanamxkaiickuit cypemsinbii komOuHaT (KCK) Obl1 BBeleH B AKCIUTyaTalvio B
1936 rony. Ha HauasibHOM 3Tane mpoOU3BOJACTBO OCHOBBIBAJIOCH HA 3KCILTyaTaluu
MECTHBIX PYJHHMKOB, & C UX MCTOIIEHHEM KOMOWHAT Iepeliesl Ha UCIOIb30BaHKE
ChIpbs W3 OMMKHEro W JajibHero 3apyOexms. B mpoimecce ruapo- u
MUPOMETAILTYPTHYECKOTO TPOU3BOJICTBA CypbMbl Ha KOMOMHATE 0O0pa30BajNCh
OTXOJIbl, KOTOPbIE OBUIH CKJIAJUPOBAHBI B BUJIC OTBAJIOB: MECKU XBOCTOXPAHUIIUIIA
(xkBapIl, OOJOMKH CJIAHIICB W TECUYAHWKOB, XJOPHUT, CEPHUIIUT, MOJIEBHIC IIIATHI,
CHIOJIbI, CypbMa); IITEHH (OTBaJl PacIOJIOKEH Ha I0KHOM CKJIOHE CyXOro pycia
Anxop-Caif); nutak - pacrnoJioKeH Ha IUIAKOBOM OTBaje; 3abajaHcoBas pyjla -
MOPOJIbI OT MOA3eMHBIX padoT KagamxkalCKOro pyJaHUKA; KEKH OTBAJIbHBIC U
MEYHBIE BBUIOMKH. 37€Ch CJIEAYET OTMETUTh, UYTO BCE OTBAJIbl MHOTOTOHHAKHBIE U
3aHUMAIOT 3HAYUTEIbHBIC 3€MEJIbHBIC IIJIOMIAIA, KPOME I3TOT0 YKa3aHHbIE YUACTKU
HE PEKYJIbTUBUPOBAHbI M MOJBEPKEHBI Pa3MbIBY I10J BO3JIECHCTBUEM CTOYHOU
BOJIbl. B Hanboiiee ysa3BUMOM COCTOSIHUM HAaXOJSATCA COJICHAKOMUTEIN KOMOMHATA.
OHHU CcOCTOAT U3 CEMH KapT-€MKOCTeW M pacmnoiioxkeHbl Ha BbicoTax 1000-1200 m
HaJl ypOBHEM MOps Y NMOAHOXKbsI XpebTa KarpanOariu Ha CKIIOHE ¢ YKIIOHOM C fora
Ha ceBep B CTOpOoHY DepraHckoil 00JIaCTH U CIIyXaT JIJisi XpPaHEHUS JICKTPOJINTA,
o0Opa3yronierocsi Mpu BbIIIETAYUBAHUN CYPbMBI C MOCIEIYIOMIUM 3JIEKTPOJIU30M
MO0 TUPOMETAIUTYPTHUECKON CXEeMe MPOU3BOJICTBA CypbMbl. Takum o0pa3oM, peub
UJIET O TEXHOTEHHOM Harpy3ke OTXOJOB IPOM3BOJICTBA CYPbMBI JaJ€KO HE
JIOKaJIbHOTO, a CKopee riodanbHOro xapakrepa. C ydyeToM yKa3aHHBIX BBIIIIE
O00CTOATENIbCTB, MPOBOAUINCH Pl OKCIEPUMEHTAIBHBIX M TEOPETHUUECKUX
UCCIIeIoBaHuii 1o cypbMe u ee orxonaam [Conoxkenkun [1.M., Ycybakynos M.V,
baee C.A., barkubexoBa M.b., Xynymamesa T.III., MaiimexkoB 3.K.,
Catsioanaues O.C. u ap.].

B mnacrosimieit pabote ormeueHo, uto B cypbMmsiHOM keke KCK cyppma
BCTpevaercss B Bujae aHntumoHata Kajbiimsg CaNaSb,Og(OH) u ruapokcookcuaa
cypbMbl SbSb,Og(OH), u cymmapHOe coaep)kaHue CYpbMBbI B KEKE COCTABJISET B
npenenax 4,5%. B cBs3u ¢ 3TUM u3ydeHHE KEKOBBIX 0TX0/0B cypbMbl KCK u
OCYIIECTBJICHUE (PU3UKO-XUMUYECKOTO MOJICITUPOBAHUS MPOIECCa UX JECTPYKIIHH
MpU MaKCUMyME SHTPONUU CHUCTEMbl U MUHUMYME »Hepruu ['mbbca c¢ 1embio
MPOTHO3UPOBAHUS TIEPEHOCA YMOPHBIX COCIUHEHUN CYpbMSHOrO KeKa B Ta3o-
KUJKOCTHYIO Cpely U TIOJYyYeHHMs] Ha OCHOBE KEKa OKCHUIOB CYpPbMBI
MPEJCTABIISAIOTCA BEChMa AKTYaJbHBIMHU B CBS3W C MUHMMU3AIUENH TEXHOTCHHBIX
Harpy30K 3arps3HSIONIMX BEIIECTB B OKPY>KAIOIIEH IPUPOIHON Cpejie.

CBsi3b TeMbl JUCCEPTAIMM C KPYNHBIMM HAaYYHBIMH MPOrpaMMaMu
(mpoekTamMM) M OCHOBHBIMH HAaYYHO - MCCJIEI0BATEILCKUMH pPadoTaMM.
Huccepranmonnas pabora MpoBOAMIACHE B COOTBETCTBHMM C TutaHom HUP
Nuctutyra xumuu u xumudeckoil texnosorun HAH KP: pasmen npoekra -
[TepepaboTka MpUPOTHOTO MUHEPATIBHOTO M TEXHOTEHHOTO ChIpbsi KbIprhI3cTana ¢
LEJIbI0 CO3JJaHMsI HOBBIX MATEPHUAJIOB M 3alIUTHl OKPYKAOLIEH Cpebl, oApa3ae
«Pa3paboTka O€30TXOJMHOM M SKOJIOTHYCCKH YHCTOM TEXHOJOTHH H3BIICUCHHS
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CYpPbMbI M MBIIIbIKA U3 OTXOAOB CypbMsiHOro mpousBozictBay (2011 - 2012 rr.);
nozapasnen «Pa3paboTka (PU3MKO-XUMUYECKHX M TEPMOJMHAMHUYECKHX OCHOB
KOMILJIEKCHOM 1epepabOTKU HEKOHAMIIMOHHBIX PYJ U BTOPUYHOIO CHIPHS,
coZiepKalmx cypbMy U penkue metamwiby (2012 - 2015 rr. u 2016 - 2019 rr.), Ne

rocpeructpauuu: 0007080.

Heab uccaenoBanus. PazpaboTtka GU3NKO-XUMUYECKUX OCHOB JI€CTPYKIIHH
oTBaJIbHOTO CypbMsHOro keka KCK B ra3o-KMIKOCTHOW cpele W MOJIy4YeHUE W3
keka okcuaa cypbMmsl (111).

B cooTBeTcTBUM € TOCTAaBIEHHOW LIEIBIO OMPEAENCHBI CIACAYIONINE 3aaUH
HccJIeJOBAHMS:

- YCTaHOBJIEHHE DJIEMEHTHOIO U (ha30BOr0 COCTaBa CYpbMSHOTO Keka
Kagamxaiickoro cypsmsinoro komounara (KCK);

- OCYIIECTBJICHHE TEPMOJMHAMHUYECKOIO MOJAEIUPOBAHUS Ipolecca ACCTPYKIHH
cyppMsiHoro keka KCK, BbIsIBIIEHHE TeMIEpaTypHbIX PEKUMOB OOpa3oBaHUS U
IPEBpAILCHUS CYPbMYCOJIEpPKAIUX KOMIIOHEHTOB U YacTHI] B Ta30-KUJIKOCTHON
cpexne;

- COCTaBJICHHE MPUHIUIHUAIBHON TEXHOJOTUYECKONW CXEMbI TOJYyUYEHUS OKCHIA
cypbMbI(l1) u3 cypbemsiHoro keka KCK.

Hayunas HoBu3Ha pabotrbl. CocraBiieHa (U3UKO-XUMHUYECKash MOJIENb
cyppMaHoro keka KCK wu BhoepBele  omnpefeneHo  KOHIICHTPAIMOHHOE
pacrmpezieieHne KOMIIOHEHTOB U YacCTHI] B Ta30-)KUIKOCTHOU cpesie. Y CTaHOBJICHO,
YTO CypbMa B CYPbMSHOM KEKE BCTpPEUaeTCs B BHJEC AaHTHMOHATa KaJbIUS
CaNaSh,04(OH) wu  rmapokcookcuaa  cypbMbl  SbSb,Og(OH).  Ilpm
BBICOKOTEMIIEPATYPHOM PA3JI0KEHUH CYpPbMSHOTO KEKa B OKHCIHMTEIHHOU cpene
oOpa3yrorcs KoHicHcHpoBaHHbIe a3kl Tuma: SiO,(k), Al,Oz(k), Fez04(k),
MgS|03(K), C&SlOg(K), N&zSizOs(K), Sb204(K), Sb205(K) B nmpouecce
BBIIIICJIaYMBaHUS CYpbMsiHOTO Keka ¢ xsopugamu MetaioB (FeCls, NaCl) B cpene
COJITHOM KHCIIOTHI, a Takke auokcuaoMm mapranina (1V) B cpene cepHoil KUCTOTHI
cynbduaHas dasa CypbMIHOTO KeKa rmepexoaut B xjopokcua cypbMbl (SDOCI), He
BBIJICJISIFOTCSI TOKCUYHBIA (JOCTEH U CepoBOIOpOI, a ipu B3aumoeicteuu SbOCI ¢
THAPOKCUJIOM aMMOHHS (WM KapOOHATOM HATpHsi) oOpa3yeTcsi OKCHI CYPHMBI
(1. CocraBneHa NpUHIUIHAIbHAS TEXHOJOTHUECKAs CXeMa MOJYYCHHs OKCHIa
cypbMbl (I11) Ha OCHOBe CypBMSHOTO KEKa.

IIpakTnyeckass 3HAYUMOCTb MOJYYEHHBIX PpPe3yabTaToB. DU3HKO-
XUMHUYECKME U TEPMOJMHAMUYECKHE MapaMmeTpsl cypbMsHOro kexka KCK:
(Fe,03Si0; - 25.5) + (FeS; - 21.2) + (Fes04 - 12.4) + (NagFeS,046 - 12.1) +
(Fello580.95 - ll) + (CaNaSbQO({,OH - 82) + (SbSb206OH - 54) + (NaAIOZ - 265) +
(MgO - 0.13) + (CaO - 1.67) MoryT OBITh UCTIOJIB30BAHbI B CICIUATBHBIX Kypcax
0 HEOPTaHWYECKOW XWUMHUHU UM TEXHOJOTHM HEOPTaHUYECKUX  BEIIECTB,
NPUHITUITHATBHAS TEXHOJIOTHYECKash CXeMa JCSCTPYKIMH CYpbMSHOTO KeKa B
OKHMCIUTEIbHON cpene W mosydeHus okcuaa cypsMbl (I11) u3 keka mosesHa B
npoleccax pa3fesieHus] 1 OYUCTKH BEILEeCTB.

OCHOBHBI€ MOJIOKEHUSI JUCCEPTALNU, BLIHOCUMbIE HA 3ALIUTY:

e (azoBwie u demMeHTHBIE cocTaBbl cypbMsiHOTO Keka KCK, pacnpenenenue u

pa3Mephbl YacTull CypbMbI B TBEPI0H (a3e;
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® KOHIICHTPAllMOHHBIE 3aBUCHMOCTH Ta30BOM W KOHJEHCUPOBAHHBIX (a3
cucteMbl: (1) CypbMsIHOM KeK - KUCIOPO/, (2) cypbMsHOM Kek (Cyab(uI CypbMbI) -
xmopu kenesza (I11) - conmsuas kucnorta, (3) cypbMsiHOM KeK (Cyab(UI CYPbMbI) -
nuokcua maprania (IV) - cepnas kuciaorta - XJI0pUJl HaTPu;

*  (DUBUKO-XMMHUYECKHUE U TEPMOAMHAMUYCCKUE IMapaMeTphl, 3aKOHOMEPHOCTH
W3MEHEHHS CBOMCTB CHUCTEMBI, a TAKXKE YCIOBHE 00pa3oBaHUs OTAETBHBIX (a3 (T,
K, TB);

® [IPUHIUIIKAIbHAS TEXHOJIOTMYECKAasi cCXeMa JCCTPYKIHMH CYpbMSHOTO KeKa
KCK u nonyuyenust okcuna cypbmal (111) u3 keka.

JInuHbIii BKJIAJ cOMCKATeNIsl 3aKII0YAeTCsl B MPOBEJICHUE XMMHUYECKUX U
CHEKTPaJIbHBIX aHAJIM30B W BbIIBICHHWE (PA30BBIX U DJIEMEHTHBIX COCTaBOB
cypbmsinoro keka KCK; ycraHoBieHHE paBHOBECHBIX COCTABOB M OIPECICHUE
KOHIICHTPAITMOHHOTO pAaCHpEICJICHHUs] KOMIIOHEHTOB M YacTHI[ B Ta30-KUJIKOCTHOU
cpele MpU OKHUCIUTEIBHOM JAECTPYKIIMU CYpPBMSHOTO KEKa; OCYIIECTBICHUE
CTYNEHYaTOTO IUIABJICHUS TBEpAOM (a3l U Ha HUX OCHOBE COCTaBJICHUE
IPUHIAITAATBHON TEXHOJIOTHYECKON cxeMbl mosrydeHus okcuma cypbMbl (I11) u3
cypsMsHoro keka KCK.

Anpobauust pe3yJabTaTroB Hccjeq0oBaHU. (OCHOBHBIE PE3YJIbTATHI
UCCIICOBAHUS  JOKJIAQABIBAINCh HAa  MEXIYHAPOAHBIX  CHUMIIO3UyMax U
pecnyOMKaHCKUX HAYYHO - MPAKTHUYECKUX KOH(PEPEeHIUSIX: « IKOJIOTUS U KU3HB
(Poccus, Ilensa, 2013); «OOpa3oBaHWe M Hayka B YCJIOBHSX COIMAJIbHOM
mojaepHu3aiuu  Kasaxcranckoro oOmectBay  (Kaszaxcran, Tapas, 2013);
«Hacupnun WcaHOB - BHIHBIM TOCYJapCTBEHHBIM JiesaTenb  KbIprbi3ckoit
Pecnyomukn» (KI'YCTA, 2013); «International Conference on Civil and
Environmental Engineering (ICOCEE - Cappadocia, 2015 - Nevsehir, TURKEY);
«Texnocepnast Oe3omacHoCTh: Hayka u mpaktuka» (bumkek, KPCY, 2015);
«MuHepanbHble pPECYpChl, MOATOTOBKA WHXXEHEPHBIX KAJIPOB U MPOOJIEMBI
ocBoenuss Henpy (MI'Aul'T npu KI'TY MOH KP, bumkek, 2015);
«HHOBanMOHHAass Hayka Ha mniopore XXI Beka: MEXIyHApOJIHAas Hay4Has
KOH(EpEeHIMs, MOCBALIEHHAs /5 - JIETUIO OCHOBAHUSI XUMUYECKOTO WHCTUTYTa)
(HAH KP, WHXud, bumkek, 2018); HaydHbIXx ceMuHapax Kadeapbl
«[Ipombiutennast  6e3omacHocthy (MI'ul'T, 2018 - 2019 rr.); oracncHuH
skoJsioruueckoit nmkenepun KTY «Manacy (2018 1.) 1 paciumpeHHOM 3aceaHHH
nabopatopuit UXud® HAH KP (2018 r).

IHonHoTa OTpaxkeHUsi pe3yabTATOB AMccepTanuu B nmyOamkanusax. [lo
TeMe Juccepranuu omnyonukoBaHo 13 HayuyHBIX cTaTteil, B TOM 4YHCIE B
M3JaTeNnbCTBax, BXoaamux B cucremy PUHII.

Crpykrypa n 00bem auccepranuu. Jluccepranus COCTOUT U3 BBEACHUS, 3
IJIaB, BBIBOJOB W 2 TpPWIOKEHUW. llepedeHb UCIONB30BaHHON JIUTEPATYpPHI
Bkimovaer 154 HammenoBanuii. PabGora wusnoxkena Ha 177 cTpaHMiax
KOMITBIOTEPHOI'0 TEKCTa, BKJIIOUaroIiero 8 tadmmii, 21 pucyHoxk.



OCHOBHOE COIEP XAHUE PABOTbI

Bo BBeeHNH pacKpbIBACTCS AKTYyaJIbHOCTh TEMbI, CHOPMYIUPOBAHBI LIETb U
3a1a4d  WCCJIEIOBAHUsS, OMNPEACJICHbl OCHOBHBIE 3allMINAEMbIEC IOJOKECHUS,
MPUBOJATCS METO/BI UCCIIEIOBAHNM, ONPEIENICHa HayYHasi HOBU3HA, IPAKTAYECKas
IEHHOCTh paboThl, a TaKXKEe OTMEUYEHBI MyOJUKAlUU, ampoOalus pe3yiabTaToB U
KpAaTKO U3JIaraeTcsi CTPyKTypa IUCCEepTaLUU.

Bo3mo:xxkHOCTH  mepepalOTKHM  OTBAJIBHBIX KEKOB, KAaK ChIPpbA
TEXHOTeHHOT0 00pa3oBaHus

Kek - HepacTBOPUMBIM TBEPIABIA OCTAaTOK, IIOJYy4aeMbli B IpOLECCE
W3BJICYCHUS IIEHHBIX KOMIIOHEHTOB W3 pyAbl. COOTBETCTBEHHO, B THUAPO- U
MUPOMETAIUTYPIHUM  MPETYCMOTPEHBl Pa3IMYHbIE BO3MOXKHOCTH TMEpepadOTKU:
YKEJIE3UCThIX, CBUHIIOBBIX, IIMHKOBBIX, KOOAIBTOBBIX, CYPbMSHBIX, IUPKOHUEBHIX,
(bTOpUITHBIX, TUAPATHBIX, CEPHBIX, MBIIITBIKOBO-KAIBIIMEBBIX, MEHO-CYIb(UTHBIX,
JKEJIEe30-TOPUEBBIX, 0JIOBOCOZEPKAIIIHX, UMHKUHIAWCOEpKAIIUX,
30JI0TOCOJIEPKAIIUX M Jp. KEKOB C LEIbI0 CHUXEHUS MOTEPh HU3BJIEKAEMBIX
METAJIJIOB U3 BBIIIEIAYNBAEMBIX PACTBOPOB.

JlutepaTypHblii 0030p 1O pa3IMYHBIM OTBAJIBHBIM KEKaM, MOJAPOOHO
NPUBEICHHBIM B gucceprauuu (cMm. pazgen 1.1), mokazan BO3MOXKHOCTU HX
nepepabOTKM IJIAaBKOM M MHOTOKHCJIOTHBIM BbINIENaunBaHueM. OTME4YeHO, 4TO
OTBaJIbHbIE KEKH MHOTOKOMIIOHEHTHBIC W BCTPEUAIOTCS B BHUJIE TEXHOTCHHOTO
o0pa3oBaHus, IMOATOMY MPOOJIEMbl MHUHHMMU3AIMU 3arps3HEHUs] OKpPYKaromiei
Cpelbl OTXOJaMH, B TOM 4YHCIE CYPbMSIHOTO TPOM3BOACTBA HMMEET BaXHOE
sKojoruyeckoe 3HayeHue. OCOOEHHO OILIEHKA 3arpsi3HEHHM B MOYBax paioHa
JTOOBIYM CYPBMBI, TPEIOTBpAIlEHHE IIpoliecca 3a0oaurBaHUE OTPAOOTaHHBIX
ANEKTPOJIMTOB M UX MNPOCAYMBAHUE B TPYHTOBYHO BOJly, a4 TaKKE€ YMEHbBIIECHUE
MOTJIONICHUS OTXOJI0B CYpPbMbI PACTCHHSIMHU M MTOYBOU TPEOYIOT CUCTEMATUYECKUX
HAYYHO-TIPAKTUYECKUX HCCIEIOBAaHUN. B CBsI3W ¢ 3TUM B HAy4YHOHW JIUTEpaAType
MOSIBIJIMCH PabOTHl MOCBSIICHHBIE: yaaieHuto cypbmbl (I11) mytem amcopOimm
Ha YTJIEPOJHBIX HAHOTPYOKax, THIPOKCHAAX MKeje3a, reMaTuTaX MarHUTHBIX
HAHOYACTHI] W  (QEppUTHApHUTAX; yaajdeHue w3 Bojabl  cypbMbl (V)
TUPATUPOBAHHBIMM OKCHUJAMHM >KeJie3a, NOAAEPKUBAEMBIMU  KaJbIIUTOBBIM
MEeCKOM M TOJUMEPHBIM aHHOHHUTOM, a MPUMECEeH CypbMBI B BOJAE NyTEM
anekrpokoaryssnun; noriomienre Sb (1) w3 BogHOrO pactBopa Kommosunuen
Fe,0s/Fes04/C, npuroToBIEHHOH ¢ HCIOJB30BAHUEM IOPHUCTOM MaTPHIIBI.
Kpowme TOTO, oco0o OTMEYeHa 3HAYUMOCTH: OCYUIECTBJICHUE
TEPMOJMHAMHUYECKOTO aHajdu3a W MPOSBICHUE BEPOSTHBIX MNPEBPAIICHUN MpU
BHIIICJIAYMBAHUM KEKa B KHUCJIOTaX; YCTaHOBJIeHHE (ha30BOrO0 cocCTaBa U
pacrpefieyieHue  3JEMEHTOB B KOMIIOHEHTaXx HCXOJAHOM CMeCH; TIOHMCK
ONTUMAJIbHBIX PEKUMOB OKHUCIUTEIbHOW - BOCCTAHOBUTEIBHOM IUIaBKM KEKa
[Conoxenkun I1.M., Bae C.A., BbarkubekoBa M.b., Xynymamuesa T.I11.];
M3yYE€HHE MHOTOKOMIIOHEHTHOW CHUCTEMBI «Ta3-)KUIAKOCTb-TBEPIOEY; ONpPEIEICHUE
ONTUMAJIHBIX TIAPAMETPOB MpoIlecca JASCTPYKIHH TBepaou (a3el u paszpaboTka

texHosorun koHBepcun keka KCK B okucnutensHo# cpene [Maiimekos 3.K.]. C
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Y4ETOM H3JI0KEHHBIX 00CTOSITEILCTB BhIIIE, B HACTOSALIEH padoTe: aHATM3UPOBAHbI
KekoBble  oTXoAbl cypbMbl KCK, ocyliecTBieHO  (U3HKO-XUMHUYECKOE
MOJICIMPOBAaHUE TIpollecca HUX JACCTPYKUHUU M COCTaBJI€HA NPUHIMIHAIbHAS
TEXHOJIOTHYECKas cxeMa mosydeHus okcuzaa cypbMsl (1) u3 keka.

ATOMHO-20COpOLIMOHHBIE, PeHTreH0(a3oBbie, PEHTICHOCIIEKTPAIbHbIE
aHAJIU3bI M PACTPOBAsi YJIEKTPOHHASI MUKPOCKONUA CYyPbMSIHOT0 KeKa

Anamu3 cypeMmsHoro keka (KCK) mpoBenen aTtomHO-abcopOIIMOHHBIM
cuektpomerpoMm (AAnalyst 800, Perkin Elmer, ta6x1.1): mpoba cypbMsSHOTO Keka
BeicymieHa npu 373 - 383 K u uzmensuena Ha apoduikax tuna JJCA 400. 3atem
oHa wuctupaiack Ha Mukcepe ESSA nmo pasmepa gactur 0,027 MM (CHTOBBIH
aHaJIM3) U Jaliee NEPEeBeICHA B )KUAKYIO a3y Ha OCHOBE LIAPCKO - BOAOYHBIM (1 -
onbiT) U MHOrokuciaotueiM (HNO3: 2HCI: 2HCIO,) pactBopom (2 - omeiT). B
npoOy keka (1 - ombiT) gobaBieH 66% pactBop mapckoi Boaku. Cmech
HarpeBaigack npu 100°C B teuenwe 1,5 uwaca. Ilocie oXiakIeHHS B CMECh
no0aBiieH BHyTpeHHHU cTtaHaapT (pactBop uuaus 400 r Ha 1 nuTp pactBopa) u
NOJly4YE€HHasi Macca IepeBe/ieHa B MEpHbIE KOJIObI C IepeMElIMBaHUEM B TECUEHUE
12 gacoB. Bo BTOpom ombiTe B3siTa Ipoda Keka Ha (TOPOIIACTOBBIX CTaKaHaX, U
OHa CMauyuMBaJlach JCHMOHM3UPOBAHHOW BOJOW. B cmech n00aBieHBI PacTBOPHI
koHIeHTprupoBaHHbIX KUCIOT (HNO3: 2HCI: 2HCIO,) u HF (1:1) B cooTHOIICHHH
(1:1). Tonyuennas Macca HarpeBaiach pu temmeparype 250 °C B Te4eHUH Tpex
yacoB. (CMech, TMoOcie yHnapuBaHUs COJEH, OXJaxzaanacb. Yepe3 CyTKH
IPOBOAMINCEH aHaau3bl Ipob: mpu t = 17 °C, kosddurment xoppensuun 0,9995,
BJIQYKHOCTH BO3/yXa IO MCUXPOMETPY cocTaBuiia 4,2 %.

OnTryeckuii HOMHUCCHOHHBIA CIIEKTPOMETP C HWHIYKTHUBHO CBS3aHHOU
mwia3moit ICP OES Optima 7000 mMeeT BBICOKYIO pa3peliarollyi0 CIIOCOOHOCTD,
MO3TOMY OH HCIOJB30BAaH ISl MOATBEPXKICHUS HAJIUYUS OCHOBHBIX 3JIEMEHTOB
cypeMsiHoro keka KCK, a taxoke /715t BBISIBICHUS JPYTHX SJIEMEHTOB.

da3oBbIii cocTaB cypbMsHoro keka KCK omnpezneneH noaykoiam4ecTBEHHbIM
peHTreHoda3oBbiM aHanu3oM. CheMKa Mpou3BoaMIack Ha ammapare D8 Advance
(Bruker). O6paboTka qudpakTorpaMMbl U pacyeT MEKIUIOCKOCTHBIX PAaCCTOSHUI
MIPOBOAMIIMCH HAa OCHOBE MporpamMmHoro odecrieuenust EVA, a pacimudpoBka mmpod
U nouck (a3 mo mporpamme Search/match ¢ mcnonp3oBaHreM 0a3bl TOPOIIKOBBIX
mugpakroMmerpuueckux nanHbix PDF - 2 (tabn. 3, puc. 1 u 2), a takxke Obuin
WCIIOJIb30BaHbl PacTpOBasi ANEKTPOHHASI MUKPOCKOIHUS M PEHTIE€HOCTIEKTPAIbHBIN
MUKpOAHaJIN3 Ha AJIEKTPOHHO-30HAOBOM MUKpoaHanuzaTope JXA - 8230 ¢pupmbl
JEOL mpu yckopsitorieM HanpspbkeHUM 25 KB U TOke 3JeKTpOHHOro mydka jio 4
HA. OOpa3ipbl CypbMSHOIO KEKa NPUrOTaBIMBAINCH IyTEM HX HAHECEHHS Ha
AJIEKTPONPOBOJISALIYIO YIJIEPOJHYIO JBYCTOPOHHIOIO KIIEAILIYIO JIGHTY (DUPMBI
“HUCCHUH”. OHM MOHTHpPOBAJIMCH B JIATYHHBIX JIEPKATENAX HA MOPEIMETHOM
CTOJIMKE MUKpPOAHAIU3aTOpa, T.€. CO3/1aBaJIMCh OJIMHAKOBBIE YCIOBHS HAOIIOCHHUS
U U3MepeHus Bcex aHuuingos. C 1enplo ONpeesieHus: paclpeaeseHusl CypbMbl U
ee pa3mMepoB B TBEPIOU dbaze MIPOBOUJIICS KOJIMYECTBEHHBIN
HEPTrOAUCTIEPCUOHHBIN  criekTpockonnueckuit (DJIC) ananu3z mpold MeTomom

KapThupoBaHusi mo anemeHTam. uamerp myuka npu OJ[C aHanmze cOCTaBIISI
7



okono 1 mxm. IlomyueHnHble n300pakeHus obpasma cypbmsiHoro keka KCK ¢
MPUMEHEHUEM PEKUMA HAOTIOJIEHUS U ChEMKH OOpAaTHO PACCESIHHBIX 3JIEKTPOHOB
(COMPO) c ysenumuenuemM B 100 m 250 pa3 mpuBenenbl Ha puc.l. CHUMKH
OTIIEJIBHO  B3ATHIX  JJIEMEHTHBIX OKOH €  HCIIOJIb30BaHUEM  JIMHHUH
xapaktepuctuueckoro m3nydenus (K, L), rie Temubiii GOH 03Ha4aeT OTCYTCTBHUE
AJIEMEHTa WIM €€ Majllo€ KOJIMYECTBO, a SIPKUM IBET HAJW4YUE 3HAYUTEIHLHOIO
KOJIMYEeCTBa 3jieMeHTa B Keke (puc.lu 2). B Tex mecTax, rjie B OKHax SIpKOCTh OT

pa3HBIX DJJEMEHTOB COBMEIIAETCS, TaM YK€ MPUCYTCTBYIOT IPHUMECHBIE
COCIMHEHHUS DJICMEHTOB.
PuU3NKO-XUMHUYECKOe MOJeJIUPOBaHHE npouecca AECTPYKUMHU

CYpPbMSTHOTO KeKa u nmoaydeHue okcuaa cypbmbl (111) u3 keka KCK

ATOMHO - aOCOpOIMOHHBIE W PEHTreHo(a30BbIe aHAIM3bI TBEPAOU (a3bl
MOKa3aJli CIIOKHBIA 3JIEMEHTHBIA cocTaB cypbMsiHoro keka KCK (tabm. 1)
BKJIIOYAIOIIUE: KaJMUM, XpOM, Me/b, PTyTh, MOJUOJCH, HUKEIb, CBUHEII, ITUHK,
MBIIIBSIK U cypbMy. Comepxanue cypbMbl B keke coctaBuiio 44016 - 44426 ppm
(1Ippm = 0,0001%), T.e. 44 %. OnTU4ecKuid SMHCCHOHHBIH CHEKTPOMETP C
WHIYKTUBHO CBSI3aHHOM TUIa3MOM BBISBUJ CJEAYIOIIME dJIEMEHTHl (Tab:n.2):
cepeOpo, ATFOMUHUM, MBIIIBSIK, Oapuil, OSpUIUIMKA, BUCMYT, KaJbIMi, KaJaMUH,
KoOanbT, XpOM, Me€lb, XE€JIe30, PTYyTh, Kajuil, JIaHTaH, MarHuii, Maprasell,
MOJIMO/ACH, HATpUH, HUKENb, (ochop, CBUHEI, CypbMa, CKaH/IHM, CEJIEH, OJIOBO,
CTPOHIIUH, TEJUTYp, TUTAH, ypaH, MOJUOJIeH, BOJIbGpaM, UTTPUM, ITUHK, IIUPKOHUIA;
conep>kadure cypbMbl B keke paBHO 41809 - 35325 ppm wmm 4,18 - 3,53 %; xenesza
275270 - 290092 ppm wmm 27,52 - 29,00 %, T.e. BecoBoe Komm4yecTBO Fe
3HaunTeabHoe; HaTpus 88602 - 87761 ppm wm 8,86 - 8,77 %; cepa xonebaeTcs ot
18,28 no 18,93 mac.%. [lo maHHBIM SHEPrOAMCIIEPCHOHHOTO aHaimu3a (puc. 1)
anementel: O, Na, Si, S, K, Mn, Fe, Cu, Zn, Sb B cyppMsiHOM Keke H300paskeHbI
SPKUM IIBETOM, a COJIEP>KaHUE OCHOBHBIX AJIEMEHTOB U MPHUMECEH B CYpbMSIHOM
keke KCK npuBenens! Ha puc. 2 u 3.

Tabmuma 1 - DnemenTHbIN coctaB cypbMsiHoro keka KCK (ppm/%) mo maHHBIM
aTOMHO - abcopbumonHoro criekrpomerpa AAnalyst 800 (Perkin Elmer)

npoba | AS Cd Cr Cu Hg Mo Ni Pb Zn Sb
kek | 10086 | 29 83 890 4 0,9 95 8258 | 3310 | 44016
1 0,0029 | 0,0083 | 0,0890 | 4-10° | 0,9:10° | 9,5-10” | 0,8258 | 0,3310 4.4
kek | 10427 | 29 85 897 5 0,9 93 8327 | 3279 | 44426
1 0,0029 | 0,0085 | 0,0897 | 510° | 0,9:10° | 9,3-10” | 0,8327 | 0,3279 4,4




Tabnuua 2 - DnemeHTHBIN coctaB cypbMsiHoro keka KCK (ppm/%) mo maHHbIM
ICP OES Optima 7000 (onTuYecKuii 3MHCCHOHHBINA CIIEKTPOMETP C MHAYKTHBHO
CBSI3aHHOM I1JIa3MOi1)

mpo6a | Ag] Al | As | Ba | Be | Bi | Ca | € | Co | Cr | Cu
HApCKO - BOAOYHOC PA3JIOKCHHC
kek | -1 | 149 313 47 | -05 ] -35 | 1149 19 23 92 | 1185
-1 |0,0149 | 0,0313 | 0,0047 | -0,5 | -3,5 | 0,1149 | 0,1149 | 0,1149 | 0,0092 | 0,1185
MHOTI'OKHCJIOTHOC Pa3JIOKCHHUEC
kek | -1 [0,0341 | 0,0234 | 0,0030 | -0,5 | -3,5 | 0,0956 | 0,0019 | 0,0022 | 0,0485 | 0,1127
-1 | 0,0341 | 0,0234 | 0,0030 | -0,5 | -3,5 | 0,0956 | 0,0019 | 0,0022 | 0,0485 | 0,1127
mpo6a| Fe | Hg [ K |Lal] Mg | Mn | Mo | Na [ Ni|] P [ Pb
HApCKO - BOAOYHOC PA3JIOKCHHC
kek | 275270 | -1 | 4562 |-10| 262 | 1387 | 52 [ 88602 | -1 | 234 2373
27,5270 | -1 |0,4562 | -10 | 0,0261 | 0,1491 | 0,0052 | 8,8602 | -1 |0,0234 | 0,2373
MHOT'OKHCJIOTHOC PA3JIOKCHHC
kek | 290092 | -1 | 4578 |-10| 261 | 1491 | 43 [87761 | -1 | 211 2399
29,0092 | -1 |0,4578 |-10 | 0,0261 | 0,1491 | 0,0043 | 8,7761 | -1 | 0,0211 | 0,2399
mpo6a| Sb [Sc| Se | Sn | Sr | Te | Ti |U| V [W]Y ]| zn | zZr
HApPCKO - BOAOYHOC PA3JIOKCHUC
xek | 4180 | -1 | 325 [ 1833 | 43 | 881 | 168 | -5 | 68 | -10 | -1 [ 2045 | 14
4,180 | -1 | 0,032 0,183 | 0,004 | 0,088 | 0,016 | -5 | 0,006 | -10 | -1 | 0,204 | 0,0014
MHOI'OKHCJIOTHOC PA3JI0KCHUC
kek | 3532 | -1 | 275 | 1858 | 44 | 684 | 225 | -5 | 66 | -10 | -1 [ 2097 | 15
3,532 | -1 | 0,027 | 0,185 | 0,004 | 0,068 | 0,022 | -5 | 0,006 | -10 | -1 | 0,209 | 0,0015

HpHMeanHe -B Ta6J'II/III€ CO 3HAKOM MUHYC OTMCYCHBI KOHICHTPAIIUHU 3JICMCHTOB B KECKC
C 06paTHLIM 3HA4YCHHUEM, T.C. (I)OHOBLIC KOHIOCHTpPAIMN CJIUIIKOM BBICOKHC. OTH 3IEMEHTBI

OmnpeaAcIICHbI MCTOJOM XOJIOJHOTO Iapa.

nAae

Puc. 1. Comepxanne O, Na, Si,
M300PaKEHBI IPKUM 1IBETOM
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80.0_001[MAP 1] Acquisition Condition

Instrument  : 8230
S Volt : 25.00 kV

700 I I | | | | I | | Current L 4.00 nA
Process Time : T3
Live time 1 442.23 sec.

60.0 Real Time : 521.02 sec.
DeadTime :15.00 %

=5 o Count Rate  : 5925.00 CPS
Mag. : X 250

Counts[x1.E+3]
IS
o
[=]

300 |
20.04—F | S
Fe Sb | sb
L Fe
- ql | Sb | $bsb I
| Ll ]
0.0

000 100 200 300 400 500 600 700 800 9.00 1000
ke

Elements ms% mol% Sigma Net K ratio Line
o 40.29 60.69 0.64 7667921 0.0000000 K
Na 14.26 14.95 0.62 5335567 0.0000000 K

18.93 14.23 0.26 217992130.0000000 K
Fe 20.92 9.03 0.75 124831560.0000000 K
Sb 5.60 110 i [ | 3266409 0.0000000 L
Total 100.00 100.00

OcHoBHBbIE 351eMeHThI B cypbMaHOM Keke KCKB MacCOBBIX U MOJIBHBIX JIOJISIX (@)

i Acquisition Condition
80,0L2UMAP 1] . T Instrument  : 8230
S Volt 1 25.00 kV
70.0— | | Current 1 4.00 nA
Process Time : T3
Live time 442.23 sec
60.0— Real Time 521.02 sec
DeadTime 15.00 %
= 500 Count Rate 5925.00 CPS
e € Mag. 1 X 250
w
%. 400
£ Fe
8 200
St n
20,0 Ssb
KK | Sb Ao
10.0 .S|' | |' T M | Qu Zn | zn
00 { | || | | |
000 100 200 300 400 500 600 700 800 900 1000
eV
Elements ms% mol% Sigma Net K ratio Line
o 38.93 59.66 0.62 7638889 0.0000000 K
Na 13.86 14.78 0.60 5335774 0.0000000 K
Si* 0.33 0.29 0.32 346134 0.0000000 K
S 18.28 13.98 0.25 217992030.0000000 K
K* 0.36 0.23 0.35 410886 0.0000000 K
Mn* 1.55 0.69 0.71 1053738 0.0000000 K
Fe 19.98 B8.77 0.71 125045550.0000000 K
Cu* 0.74 0.28 1.35 293494 0.0000000 K
zn* 0.70 0.26 1.64 239359 0.0000000 K
Sb 5.26 06 1.07 3207220 0.0000000 L
Total 100.00 100.00

Puc. 2. OcHoBHBIE dreMeHTHI U TipuMecH B cypbMsiHOM keke KCK B maccoBbeix u
MOJIbHBIX 05X (0)

W3 mosydeHHBIX BHINIE JAHHBIX BHJIHO, YTO MAacCCOBOE KOJMYECTBO CEPHI,
xene3a M HaTpus B cypbMsHoM keke KCK 3HaumTenbHOe MO CpaBHEHUIO C
OCTAJIbHBIMA XUMWYECKUMH 3JIeMeHTaMu (Taba. 1 u 2), a conaepkaHue CypbMbI B
KEKe cocTaBiisieT B npefenax 4,5 %.

C uenpio ycraHoBieHusi (azoBoro cocraBa cypbMsHoro keka KCK
IPOBEJCH MOJYKOJNYSCTBCHHBIH peHTreHoda3oBbli aHamu3 (puc. 3, Tadm. 3).
OTMmedeHo, 9TO B CypbMSHOM KEKe CyphbMa BCTpedaeTcss B BUIE aHTUMOHATa
kanbims CaNaSb,0g(OH) u runpokcookcuaa cypbmbl SbSb,Og(OH).
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mHematite, syn - Fe2 [ Isodium Iron Sulfate DAntimony, syn - Sb
Edpyrite, syn - Fes2 -  [ElPyrrhotite - Fe1.05 KA stibiconite - SbSb2

Puc.3. ludpakrorpamma cypsmsinoro keka (KCK).

Tabnuua 3 - ®a3oBbiii cocTaB cypbMsHOro keka KCK

Ha3zpanus komnoneHnra dopmyna Conepxanue, %
TE€MAaTUT - KPUCTOOOIIUT Fe,05SiO, 25,5
MAPUT FeS, 21,2
MarHeTHUT Fe;0, 12,4
rekcanatpuii-terpacyibdart sxenesza (1) | NagFe(SOy), 12,1
IMUPPOTHH Fello5SO.g5 11
AHTUMOHAT KAJIbIIUSA CaNaSh,04(OH) 8,2
THJIPOKCOOKCHJ] CYPbMBI SbSh,04(0OH) 54
QTFOMWHAT HATPHUS NaAlO, 2.65
NIEpUKJIIa3 MgO 0.13
U3BECTh CaO 1.67
Uroro: 100

CocraBnena pusuko-xumuyeckas mojens cypbmsinoro keka KCK ¢ yuerom
(ha30BBIX M dJIEMEHTHBIX cocTaBoB keka (%): //(Fe 05 SiO, - 25,5) + (FeS, - 21,2)
+ (F8304 - 12,4) + (NaGFeS4016 - 12,1) + (Fello580.g5 - 11) + CaNaSbZO(:,OH - 8,2) +
(SbSbh,060H - 5,4) + (NaAIO, - 2,65) + (MgO - 0,13) + (CaO - 1,67) + (O, - 100);
JJIEMEHTHBIN cocTaB, Mmosk/Kr: Fe - 3,596, O - 38,417, Si - 0,579, S - 2,769, Na -
0,886, Ca - 0,246, Sb - 0,364, H - 0,154, Al - 0,161, Mg - 0,016// u u3yueHsI
HPOIIECCHI  JICCTPYKIMU TBepAoi (a3el B okuciautenbHOU cpexe (1) npum
MakcuMyMme SHTponuu. [lapaMeTpbl pacdueTHOTO SKCIEPUMEHTa H3MEHSUIMCHh B
npezaenax ot 298 g0 3098 K, nasnenue cocrasuio 0,1 MIla (tabm. 4).
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Ta6J'II/ILIa 4 - OU3NKO-XUMUUECKUE U TEPMOJNMHAMHUYCCKUC MMapaMECTPbl CUCTCMBI:

CypbMsiHOM Kek - kuciopoa (1) npu P=0,1 MIla, z = 0,48 - 0,19

T K v~3102, AS, Al AU, Cp-10*, | Mw10°, | Lt-10° Pr10°
' M /KT KI[)K/ (KFK) KI[)K/ Kr KI[)K/ Kr KI[)K/ (KFK) I1a-c Bt/ (MK)
298 31,89 3,10 -4158,3 | -4158,2 7468,7 1,82 2298,2 654,4
398 42,60 3,33 -4079,5 | -4090,2 8246,7 2,30 3013,7 668,6
498 53,32 3,52 -3993,6 | -4015,0 8843,7 2,72 3698,9 676,0
598 64,22 3,70 -3893,8 | -3926,0 9337,2 3,11 4354,4 679,7
698 75,16 3,86 -3794,6 | -3837,7 97314 3,46 4983,7 682,1
798 86,13 3,99 -3689,8 | -3743,8 10115,2 3,80 5590,0 684,2
898 97,76 4,14 -3564,8 | -3630,1 10470,8 4,13 6181,7 685,8
998 110,65 4,31 -3411,8 | -3489,4 10088,0 447 6767,6 686,7
1098 | 125,03 4,47 -3244,8 | -3335,8 10178,9 4,81 7343,8 687,3
1198 | 138,21 4,59 -3097,3 | -3201,1 10185,4 512 7889,0 687,8
1298 | 151,25 4,70 -2964,2 | -3080,7 10265,4 5,44 8403,7 685,8
1398 | 165,31 4,82 -2809,1 | -2939,1 10245,9 5,89 8902,1 670,1
1498 | 181,99 4,96 -2608,2 | -2754,0 10187,4 6,15 9320,0 670,5
1598 | 194,36 5,02 -2502,8 | -2660,9 10241,5 6,42 9784,8 670,8
1698 | 210,24 513 -2326,8 | -2500,1 10271,5 6,67 10197,7 671,1
1798 | 227,46 5,27 -2074,6 | -2264,4 10216,3 6,93 10660,4 | 671,9
1898 | 245,99 5,49 -1678,9 | -1886,3 10692,8 7,16 11030,0 | 672,7
1998 | 260,30 5,56 -1541,6 | -1763,1 10733,8 7,40 114465 | 674,2
2098 | 276,49 5,64 -1368,3 | -1605,5 10731,0 7,64 11761,7 677,8
2198 | 294,17 573 -1174,4 | -1428,6 10731,2 7,86 12088,9 681,5
2298 | 312,54 5,82 -986,1 -1258,1 10692,6 8,04 12413,3 682,5
2398 | 333,11 591 -765,5 | -1057,2 10633,1 8,20 12707,3 | 683,1
2498 | 348,73 5,97 -617,5 -924.6 10665,9 8,42 13118,5 | 682,6
2598 | 366,57 6,04 -430,8 -755,3 10687,0 8,62 13495,7 | 682,1
2698 | 393,34 6,17 -94,6 -444.5 10654,9 8,75 13734,1 681,9
2798 | 437,00 6,42 604,2 213,8 10543,9 8,92 14062,1 681,2
2898 | 464,84 6,55 948,3 531,3 10538,8 9,13 14397,6 | 679,4
2998 | 502,53 6,71 1449,3 996,8 10492,2 9,34 14645,9 676,3
3098 | 562,85 6,99 2302,1 | 17934 10332,6 9,52 14669,9 | 670,3

N3 Tabn. 4 BugHO, 4TO yAenbHbIA 00beM (V), sHTponus (S), AMHAMHUYECKas
Ba3kocTh (Mu), TeruionpoBogHOCTh (Lt) ¢ yBennueHueM TemIiiepaTypbl pacTeT;
3HaueHud sHTanbnuu (Al) u BHyTpenHen sHepruu (AU) B npenenax U3MEHEHUs
temmeparypsl ot 298 1o 2698 K oTpuuarenbHble, COOTBETCTBEHHO, MPOTEKAHUE U
HaIpaBj€HUE IMPOLIECCOB B M3YYEHHBIX BBIIIE CHUCTEMaX MOJTBEPKIACHBI
3HaueHuaAMH HHTanbnuu (AH<O0) u BHyTpenHeil sHeprum (AU<O0) cucremsl.
Haunnas, ¢ 2698 K ykazaHHbIE BbIlIE TEPMOAMHAMUYECKUE MAPAMETPHI UMEIOT
MOJIOKUTEJIbHOE 3HAUYEHWE M IMOKA3bIBAlOT 00 YMEHBIIEHMH MAacCOBOW J0JIU
KoHaeHcupoBaHHbX BemiectB (z = 0,48-0,19) B rasosoii (asze. bespasmepnoe
KpuTepuanbHoe uuciao IlpaHaTns (OTHOIIEHHME KWHEMATHYECKOW BSI3KOCTH K
kodhurmmenty nuddysun) usmensercs ot 0,65 mo 0,69, yTo M COOTBETCTBYET
TEOPETUYSCKUM €ro 3HaueHHSAM B Ta30Bod ¢asze, rae Pr<l, m Tem cambiM
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HOATBEPKIAAET O MPABWILHOCTH COCTaBICHHOW Mojenu cypbMsiHoro keka KCK u
MOJTyYEHHBIX Ha €€ OCHOBE PACUYETHBIX JaHHBIX (CM. B MPHIOKEHUHU TUCCEPTALMN ).

Y CTaHOBJIEHO, YTO OCHOBHBIC KOMIIOHEHTBI cypbMsiHoro keka KCK:
reMaTHT, KPUCTOOOJMT, TUPUT, MAarHETHT, TeKCAaHATPHI - TeTpacyabdar xeiesa,
MUPPOTHH, AHTUMOHAT KAJbIUS, THAPOKCOOKCHI CYPbMBI, aTlOMHUHAT HATpHS,
NEpUKIa3 M H3BECTh B OKHCIHMTEIBHOM Cpeae MPH BBICOKHX TeMIepaTypax
pasnararoTcs Ha HHU3KOMOJICKYJISPHbIE KOMIIOHCHTBI, aTOMapHble M HOHHBIC
gacTHIIbI (TadI. 5).

Tabnmumna 5 - CypeMycoaepsKaiife KOMIOHEHTBl U YacTHUIbl (MOJIB/KT): CUCTEMa

CYpBMSIHOM KeK - kucnopoa rpu P=0,1 MIla, T=298-2698 K, AH<0, AU<0

< 208K | 598K | 1048K | 1648K 2048 K 2348 K 2698 K
MOJIB/KT

Sb - - - 0,375e-6 | 0,00101 | 0,01014 | 0,03102
Sb, - - - 0,57e-10 | 0,517e-5 | 0,491e-4 | 0,5559¢-4
Shs - - - - 0,105e-8 | 0,196e-7 | 0,157%-7
Shy, 0,1097e-11 (2098K) - 0,1043¢e-11 (2648K)
Sb’ - - - - 0,278¢e-9 | 0,477e-7 | 0,5615¢-6
ShO, - - - 0,645e-9 | 0,238e-5 | 0,197e-4 | 0,1533¢-4
Sbo - - 0,14e-11 | 0,629-3 | 0,13528 | 0,35202 0,3219
SbH - - - 0,554e-8 | 0,811e-4 | 0,00173 [ 0,01109
Sbs - - - - 0,138e-7 | 0,715e-6 | 0,9303e-5
SbO;, - - - 0,507e-6 | 0,999e-4 | 0,243e-3 | 0,2058¢-3
Sb,O6 - - 0,323e-7 | 0,09093 | 0,05697 | 0,247e-4 | 0,6146e-9
Sb,04(k) 0,18217 (1098K) - 0,0364 (1348K)
Sh,Os(x) | 0,18217 | 0,18217 | 0,18217 | - - | - | -

OtmedeHo, yTO Tpu paznoxeHun cypbmsiHoro keka KCK o06paszyrorcs
HU3KOMOJIEKYJISIPHBIC KOMITOHEHTHI, pagKabl, WMOHHBIC YaCTHIIbI
(cM.auccepranuu) U KoHaeHcupoBaHHbie (asel Tuna SiO; (k), Al,Oz (x), FesO,
(x), MgSiO; (x), CaSiO; (k), Na,Si,Os (x), Sb,0O, (x), Sb,O5 (k). Ha ocHoBannu
MOJyYEHHBIX JaHHBIX MOCTPOEHA rpaduueckas KOHIIEHTPAIIMOHHAS 3aBUCHMOCTh
OCHOBHBIX CYPbMYCOJEpKAIMX COETUHEHHM (MOJIB/KT), B TOM YHCJIE OKCHIOB
CYpPBbMBI OT TEMIIEPATYPbl OKHCIUTEIBHOMN NecTpykimuu keka (puc. 4). 298 - 1048
K, Sb,0s (k) = 0,18217; 1248 K, Sh,0O, (k) = 0,17934; 1448 - 2148 K, Sh,O¢ =
0,09108-0,09093-0,07944-0,01773; 2148 - 2948 K, ShO = 0,28925-0,35202-0,
33822-0,33334-0,28473-0,27603-0,35202; 2348 - 2998 K, Sb = 0,01014-0,02005-
0,0233-0,05613-0,06236; 2948-2998 K, SbH = 0,02317-0,02564.
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Puc. 5. 3aBUcHUMOCTh KOHIIEHTpAIIMU HATPUN U CEPOCOACPKAITUX KOMIIOHEHTOB U
YJaCcTHI] B Ta30BOM (pa3e oT TeMrepaTyphl IECTPYKIIUU KEKa.

W3 puc. 4 BuaHo, 4To M3 OKCHIOB cypbMbI (Sh,0s5 (k), Sb,0O4 (k), SbsOg,
SbO) conepxkanure SbO 3HAaYUTENBHOE U B TIPE/ieNiaX U3MEHEHHS TeMIIepaTyphl OT
2148 no 2948 K cocrasnser 0,289 - 0,352 moinpb Ha 1kT razoBoi ¢aszel. OTMEUECHO,
YTO MAaCCOBOE KOJHYECTBO CEpPbI, JKelie3a M HATPUS B CYPBMSHOM KCKe
3HAYUTEIIbHOEC, YTO W CBHUICTEILCTBYIOT TpadUUyeCKUe KOHIICHTPAILIMOHHBIC
3apucuMoctd Sb, Fe, Na m S - coxepkamux COeIUHEHHH (MOJB/KI) OT
TEeMIIepaTypbl, IpuBecHHbBIC Ha (puc. 4 u 5).

Takum oOpa3omMm, CTylmeH4YaToe IUIABJICHHE TBEpAOW (a3l IMOKa3aao
MOTEHIIUAIBHYIO BO3MOXKHOCTD monydenus Sb,0s (), Sb,04 (¢), Sb,Of, SHO, ShS
a TaKXe MeTainyeckor cypbMbl (Sb) u ruapuna cypsmbl (SbH) u3 cypbmsiHOro
KeKa.
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C uenbto mepeBoga cyinb(GUIAHON (a3bl CYpbMSHOTO KeKa B pPacTBOP
OCYIIECTBIICHO (DU3MKO-XUMHUYECKOE MOJICITUPOBAHKME IMPOIECCa OKUCIICHUS KeKa
IpY MUHUMYME 3Hepruu ['mocca. PaccMOTpeHBI CUCTEMBI: KEK - XJIOPHIL JKeye3a
(1) - constnas xucnota (2); kek - auokcua Mmapranma (IV) - cepHast kuciora -
xjopun Hatpus (3) M pacCUMTaHbl PAaBHOBECHBIC COCTAaBBI BOJHOTO PAacTBOPA,
HaMIeHbl KOHIICHTPAIMK 3apsHKCHHBIX YacTHIl (KaTHOHBI M aHHOHBI) U MOJIEKYII,
obpasyrommxcsi B pactBope. OTMEUYCHO, YTO KOMIIOHEHTHI MPUBEIACHHBIX CHCTEM
paclpeneNnsioTcss B Ta30BBIX M OKHAKMX CpedaXx B 3aBHCHMOCTH OT HX
pPacTBOPUMOCTH, a TAK)KE OT M3MEHEHHUSI PABHOBECHOM M pabovell KOHIICHTPAIIUU B
OTICNBHBIX (pazax (T, ). B TBepmoit dase (2) oonapyxkensi: FeCly, FeCls, As,Ss, S,
SbOCI, SiO,. YcraHoBjICHO, YTO COCIMHEHUS CYpPbMBI (CepHHUCTBIC THma: ShS,
Sh,S;) m3 keka mepexonsar B xmopokcun cypbMbl (SOOCI) ¢ mocnenyromum
oOpa3oBaHreM TpUOKcHa CypbMbI (Sb,O3, M. peakium):

Sb,S; + 3MnO, + 6H,SO, + 12NaCl = 2ShCl; + 3MnCl, + 6Na,SO, + 3S +6H,0.

IMporeccol pacTBopeHust ShyS; B CypbMSHOM KeKe HMPOTEKAIOT 0 PEeaKIuu
[Conoxxenkun I1.A.]):
H,SO, + 2NaCl = Na,SO, + 2HCI

MnQO, + 4HCI = MnCl; + Cl, + 2H,0, Sh,S; + 3CI, = 2SbCl; + 3S
MnO, + 2H,SO, + 2NaCl = MnCl, + 2Na,SO,4+ Cl, + 2H,0
Sh,S; + 12Cl; + 12H,0 = 2SbCl; + 3H,SO, + 18HCI.
BelmenaunBanne cyppMmsiHoro keka B cpeae MnO, - H,SO, - NaCl
MO3BOJIMIIO TIepeBecTH Cynbdua cypbMbl, cHadama B ShCl;, a 3areM B okcuib

cyppMbl (III u V). I'maponmuz xnopuaa cypemsl (III), mpoTekaromuii mosTarmHo,
MPEACTABIICHBI PEAKIIUSIMU:

SbCl; + H,O = SbOCI + 2HCI
SbOCI + Hzo - Sb405C|2(Sb283 : 2SbOC1) + 2HCI
4SbC|3 + 5H20 = Sb405C|2 + 10HC|,

a okcua cypbMbl (1) momyden Ha OCHOBE B3aUMOJICHCTBUS XJIOPOKCHIA CYPbMBI C
TUAPOOKCUIOM aMMOHUS UM KapOOHATOM HATPHS:

SbOCI + NH,OH = Sh,03 + NH,CI + 3H,0
SbOCI + Na,CO3 = Sh,03 + NaCl + CO,
Sh,O5Cl; + 2NH,OH = 2Sb,0;3 + 2NH,CI + 3H,0
Sh,O5Cl; + Na,CO;5 = 2Sh,03 + 2NaCl + 3COy,

okuciienne okcuaa cypbmsl (1) mo peakmum: Sh,O3 + O, = Sh,0s.
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KoHueHTpanmoHHoe pacnpeiejieHue CypbMycoJIepKallluX KOMIIOHEHTOB B
pacTBOpe MpH Pa3IUYHBIX TeMmIepaTypHbIx pexumax (288 - 358 K) mozposuio
YCTaHOBUTH 3HaueHue pH, okucauTeapHO - BoccTaHOBUTENbHBIN noTeHiuan (Eh)
u nonnyio cuy (I) pacreopa ( P=10° ITa ): (2) cypsMmsHoii kek - FeCls - HCI 288
K, pH = 6,76, Eh = 0,58 B; 298 K, pH = 6,40, Eh = 0,58 B; 318 K, pH =4,93, Eh
=0,60 B; 333 K, pH =3,94, Eh = 0,62 B; 358 K, pH =2,67, Eh =0,65 B, uonnas
cwia paBHa 10. Bogopoasslii mokasarens pacTBopa B cucTeme (2) U3MEHSIETCS OT
6,76 - 2,67, T.e. cpema peakmuM KHCJas, COOTBETCTBEHHO B pPacTBOpPE B BHUE
ocanka oOHapyxkeH xjopokcun cypbMmbl (SbOCI). Jlamee, SbOCI B memodnoi
cpelne TUAPOOKCHIa aMMOHMs (MM KapOOHaTa HATpPHWS) MEPEBEICH B TPUOKCHU]
cypbsMbI (SbyO3). YcraHoBieHa onTUManbHas TeMrepaTypa BoiienaunBanus (T =
358 K) cypsMmsaHoro keka B cpene xyuopup xenesa (I11) - constnas kucnota, rae pH
=2,67u Eh = 0,65 B, 1.e. cpena oxucnurensHas (Eh>0).

N3zyuenue cucremsl (3) kek - quokcua mapranen (IV) - cepHas kuciota -
XJIOPUJT HATPUH OCYIIIECTBICHO B Ipeiesiax M3MeHeHus Temmepatypsl ot 288 K 10
358 K, naBiaennu P = 10° Ila. PesynbTaTel HCcneoBaHUM MMO3BOJIMIIM PACCUUTATH
paBHOBecHbIM cocTaB, pH, Eh, umonnyio cuny (I) pactBopa U yCTaHOBHTH
KOHIICHTPAIIMOHHOE PACHPEICIICHHE KOMIIOHEHTOB U 3apSKEHHBIX MOHOB, B TOM
qrcne xiopeomepxkamux gactur (CaCl®, FeCl*, FeCI™, MgCI*, MnCI*, CI) B
oTaenbHbIX ¢azax (K, r, TB). OnTUMaIbHBIA BOAOPOAHBIN moka3arenb (pH) paBen
1,96, t.e. cpega kucnas, 4yTO M CIOCOOCTBYET BBIIIEIAUYUBAHUIO CYPbMBI M3
CYpbMSHOIO KE€Ka B BHUJE XJOPOKCHIA CYpbMbl C MOCJIEAYIOIIUM IE€PEBOIOM
nocieaHero B okcuabl: S0z u Sb,Os. Yceranosneno 3navenune pH pactsopa (3)
(P = 10° ITa): 288 K, pH = 2,05, Eh = 1,14 B; 298 K, pH = 1,96, Eh = 1,15 B; 318
K, pH =2,02, Eh = 1,13 B; 338 K, pH = 2,14, Eh = 1,12 B; 358 K, pH = 2,3, Eh =
1,1 B, rae pH pactBopa uzmensercs ot 1,96 no 2,3, nonnas cuia paBna 10.

OtmeueHo, 4To Tpu ucnoib3oBanuu xjopuaHbix coneit (FeCl;, NaCl) B
KaueCTBE XJIOPUPYIOIIMX areHTOB COCAMHEHHN CYpbMbI, TOKCHYHBIA (POCTEH W
CEepOBOJIOPO/ HE 00pa3yroTcs; B TBEpIOM (ha3e BbLAENsETCS dJIEeMEHTapHas cepa,
YTO HE MAJIOBAXXHO MPU MHUHHUMHU3AIUHU TEXHOTEHHBIX HATrPy30K 3arpsi3HSIONIMX
BEILIECTB HA OKPYKAIOLLYIO IPUPOJAHYIO CPENY.

Takum o00pa3oM, aIeKBAaTHOCTh MPEMIOKEHHON (HU3MKO-XUMHUUECKOM
monenu cypbmsiHoro keka KCK u wu3ydeHme mpomecca ero AecTpyKUUH
YCTaHOBJICHA Ha OCHOBE aHAJIW3a PE3yJbTAaTOB PACUETHBIX U IKCIEPUMEHTAIbHBIX
WCCJICIOBAHMA, TTOJTyYEHHBIX B MHOTOKOMITOHEHTHBIX TeTepOreHHbIX cucTeMax (1 -
3), a TaKXKe COCTaBJICHUEM MacCOBOTO OajlaHCa, BXOJSIINX AJIEMEHTOB B CUCTEMY U
OayiaHca oT/IeNbHBIX (ha3.

IIpuHOUNHUAIbLHAS TEXHOJOTHYEeCKasi CXeMa [JABYXCTAAMHHON IUIABKU
cypbMsinoro keka KCK u nosryuenue okcuaa cypbmbl (111) n3 keka

YcranoBineHo, 4To nOpu  AecTpykuuu  cypbMmsHoro keka KCK
KOHJIEHCUPOBAHHBIC OKCHUIBI CYpbMbI 00pa3yroTcs B mpenenax 1098 - 1248 K, ¢
Y4eTOM OTOTO TOJIOKEHHUS B TPOLECCE TMOTYyYeHUsS OKCHAA CYpPbMbI M3 KeKa

UCIIOJb30BaHA  JBYXCTajuiHas TulaBka  (TuiaBKa/kyrnenupoBanue). [IpoOa
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cypeMmsiHoro keka (pasmep /0,05-0,1/ 10° M, macca 0,5 kr) BbICyIICHA B
cymmibHOM Mmkade npu 371-383 K u u3MenbueHa Ha 3y04yaToil IpoOWIIKe TUIA
tepmuHaTop-100 (rmu JICA 400). Jlanee, oHa HampapiicHa B IAPOBYIO MEJBHUILY
ESSA, rae pa3Mep 4acTHIBI COCTaBUJ JIO 0,027-10'3 M. 3areM, u3MeJIbUYcHHas
npo0a nojepranack muxropanuto (70% rier /PbO/ + 20% cona + 10% Oypa) B
cooTHomeHMsIX Kek:mmxTa = 1:3. IllmxTta cmemmBanach ¢ mykoid (1 - 3 1) u
HutpatoMm cepedpa (0,2 mi). 3mech, MyKa HCIONB3YeTCS I CTaOWMIM3alud
KUCJIOW cpeanl (MpU WIEJIOYHOM Cpele HCHoJib3yeTcss Oypa, T.e. TeTpabopar
HaTpus,; okcun cBuHIA (PhO) i modydeHusl CBUHIIOBOTO CiuiaBa (BepkoOies), a
HUTpAT cepedpa I MOIVIONIEHUsT OJIaropoAHbIX MeTauioB U3 Keka. [lomyyeHHas
IIUXTa COAEPKUTCS B MOJUATUIICHOBOM MAKETEe U NMEPEMEIIMBAECTCS 10 NOJYyYCHUS
OJIHOPOJIHOW CMECH, TTOCIIE 3TOr0 3arpy’KaeTcs B MIaMOTOBbINA Turenb. Haunnaercs
NepBUYHAs IJIaBKa IIMXTOBOM CMecH B T€4M, T/ TeMIlepaTypa COCTaBWJIa B
npenenax 1328 - 1473 K (45 - 50 mun.). Ha HauansHoM 3Tane ruiaBku (30 MuH)
npu temrepatype 1203 - 1303 K npoucxoaut 1uiaBienune nmpoosl ¢ oOpa3oBaHueM
pacriaBa CBMHIIA M BBIJIEJIEHUEM Ta3000pa3HbIX MPoayKTOB. B Teuenue 20 muH
Kareyy >KHJIKOTO pacIulaBa CBUHIA MOJHOCTHIO MOKPBIBAIOT CypbMsiHOM kek. [lo
uctedyeHU S50 MHUHYT MHOTOKOMIIOHEHTHBIN pacIljlaB pa3jiMBalOT B YYTYHHBIC
U3JI0KHHMIBI M TOCNIeAHUNA ocThiBaeT Ha Bo3ayxe (10 - 15 muuyT). B mepBuuHoi
IUIaBKE MHOTHE METAIbl M WX TPUMECH, B TOM 4YHUCJE JparoleHHbIE,
MOTJIONIAIOTCS C CBHUHIIOBO - CEPEOPSAHBIM KOJUIEKTOPOM, U B pe3yJbTare
o0Opa3zyeTcsi CBUHIIOBBIM CIUIaB - BEPKOJICH, KOTOPBIM MOKPHIBAETCS KBapIOBHIM
nutakoM. C MOBEPXHOCTH CBUHIIOBOTO CIUIaBa (BEpKOJiesi) MOJOTKOM OTOMBAaETCA
KBapleBbld 1wiak. Ha BTopoM »Tame 1uiaBiaeHus (KyNeJIUpOBaHHUE) I€Ub
pazorpeBaercs g0 Temmeparypsl 1253 K. IIpu stom BepkOiel mpeaBapUTEIbHO
HarpesatoT (1173 K) B teuenue 10 - 15 MHH C 1eNbI0 OCYHIECTBICHUS PEaKIUU
2PbO — 2Pb + O, (temmeparypa mmasienus csuama 600 K, t.e. 327 °C). B
mpoliecce KymneJaupoBaHus Oeasi MEJIKOIIOPUCTasl MMOBEPXHOCTh TUTJIS TOXKEJITEET
3a cueT copOIMM Ha HEH OTAENbHBIX IIETOYHBIX, IMETOYHO-3eMEIbHBIX U JAPYTUX
MeTauioB, B ToM uyucie ceuHna (mpu Hmwxke 800 K). Ha mue turms ocraercs
CYpbMSIHOM cIUIaB (KOPOJIGK) ¢ MeTauTMuecKuMu mpumecsiMu (Ag), KOTOpbIe
miassites Beime 800 K (t mn. cypemsr pasaa 904 K, T.e. 631 °C). Cepebpsinno -
CYpbMSIHOM KOPOJIEK SIPKO OJIUKYET MpHU YJaJE€HUU C €r0 TOBEPXHOCTH MOCIETHUX
YacTUI[ CBHHIIA, YTO M O3Ha4aeT 00 OKOHYAHMM IIpoliecca KYNeJIUpOoBaHUs
CBMHLIOBOTO  craBa. Jlajee KOpojlek  OXJaxAaeTcss M IO0JIBepraercs
CIEKTpaJIbHOMY aHajmu3y. Ha OCHOBaHMM TIPOBENCHHBIX  HCCIICIOBAHUMN
pa3zpaboTaHa MPUHIUIIHATIBHAS TEXHOJOTUYECKAsl CXeMa JBYXCTAIUWHON TIIaBKU
CYpbMSIHOTO KE€Ka W BBIIIEIaUYUBAHUE CYJIb(UIHON CYpbMbl B OKHCIHUTEIHLHOMN
cpene ¢ 1enbio noayuenus okcuaa cypbMsr (1) (puc. 6).
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cypbMsiHol Kek (%0)

Fe,O4 S|02 (25,5) - FeS, (21,2) -Fe;0, (12,4) - NagFeS,044
(12,1) - Fe1 4sS0.5(11) - CaNaSh,0,0H (8,2) - ShSh,0,0H
(5,4) - NaAIO, (2,65) - MgO (0,13) - CaO (1,67)

A 4

IIUXTOBKA

kek +mmxTta (70% raet/PbO/+20%
cona+t10% Oypa)+ myka+AgNO3)
nepsuuHas riaska 1203-1303 K

—

BepKOeh
ra3oBLIIEJICHIE (CBMHLOBBII{ [Imaku

(cepHUCTBIC) CIUIaB METAILIOB) (OKCUI KpeMHUs)
/xex+Ph/

\ 4

KyIIEJIMpOBaHKEe (BTOPUYHAS IJIaBKa)
1173K
2PbO — 2Pb+0,

'

copOuus, OTaeICHNE
(MEJIKOTIOPUCTHIH
TUTEJh)

N

npumecu Metaiios (Pb, Na) meTamsl (Ag, Sb),
(t 1. Hrxe 800 K) t o1, BeImre 800 K
cylb(uaHas cypbMa + Kucias cpefa
— okcua cypembl (1)

Puc. 6. IlpunnunuanpHas TEXHOJOTHMYECKAash CXeMa JABYXCTAIUWHON TIUIaBKU
CYPBMSIHOTO KeKa M nojiydenne okcuaa cypbMsl (111) u3 keka
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BbBIBOJbI

1. VYcraHoBneHbl 31eMeHTHbIE W (a3oBble cocTaBbl cypbMmsiHoro keka KCK.
OTMedeHO, 4YTO B CypbMSIHOM KEKE CypbMa BCTpEYaeTcs B BHJIE aHTHMOHATA
kanpimss  CaNaSh,04(OH) wu  ruapokcookcuma cypbMbl  SbSb,Og(OH).
CymMapHoe cojiep:kaHue CypbMbl B KEKE COCTaBJIsIeT B nipenenax 4,5%.

2. CocraBrieHa (pu3MKO-XuUMHUYEcKass Mojenb cypbMsiHoro keka KCK u m3ydeHsl
MPOIECChl  JECTPYKIIMM KEKa B Ta30-XKUIKOCTHOU cpeae. OrnpeneneHsl
PAaBHOBECHBIE COCTaBbl UM HAWJEHO KOHIICHTPAIMOHHOE paclpeiesieHue
KOMIIOHEHTOB M yacTull. [IpoTekaHue W HampaBlIeHHE Mpolecca IeCTPYKIHUH
CYpPbMSIHOTO K€Ka TOATBEPXKACHbl 3HaueHusMUA SHTanbnuu (AH<0) wu
BHyTpeHHel 3Heprun (AU<0) cuctemsl.

3. YCTaHOBIIEHO, YTO COJIEp)KaHHE CEphI, JKeJe3a M HATPHUS B CYpbMSHOM KEKe
KCK 3nauutensHoe. [lpu gectpykuuu keka oOpa3yroTcsi HU3KOMOJIEKYJISPHBIE
KOMITOHEHTHI, PaJKaIbl U MIOHHBIC YACTHUIIBI, & TAK)KE KOHJIEHCUPOBAHHBIC (Pa3bl
tumna. Fe;O4 (K), N&28i205 (K), S|02 (K), A|203 (K), Fes04 (K), MgS|03 (K),
CﬂSiOg (K), Na28i205 (K), Sb204 (K), Sb205 (K)

4. YCTaHOBJIEHO, YTO KOHJCHCHUPOBAHHBIE COCJIMHEHUS CYpbMbI Ha OCHOBE KEKa
obpasyrorcs npu 1098-1248 K, cOOTBETCTBEHHO, OCYIIIECTBICHA IBYXCTaUHHAS
IJIaBKa CYPbMSIHOTO KEKa, BBIIIEIaYMBaHUE CYJIb(PUIHON CYypbMbl B KHUCIIOU
Cpe/ie U Ha WX OCHOBE COCTaBJICHA MPUHIUIIMAJIbHAS TEXHOJOTUYECKas CXeMa
noJiydeHus u3 keka okcuaa cypbmal (11).

5. B mporecce BhimenaunBanus keka ¢ xjopuaamu MmetamuioB (FeCls, NaCl) B
Cpelle COJSTHOM KUCIOTHI, a Takxke aAuokcuaoM mapranua (1V) B cpene cepHoit
KHCIIOTBI, CyJIb(QUI CYpbMbl NEPEXOAUT B XJopokcua cypbMmbl (SbOCI),
AJIEeMEHTapHas cepa BhINAJAeT B 0CAJ0K U HEe 00pa3yeTcsi TOKCUYHBIN (OCTEH U
cepoBogopoa. Ilpu B3aumoperictBuun SbOCI ¢ ruapokcuaoM amMMOHUS (WUTH
KapOOHAaTOM HaTpus) oOpasyercs okcu cypbMmal (111).
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NNEPEYEHDb YCJIOBHBIX OFO3HAUYEHUM:

C - pabouast koHIeHTparws, Kr/M°; C - pABHOBECHAS! KOHIICHTPALIHS, KI/M;

C,’ - ynempHasa temnoemkocts, KJDk/(krK); | - oswramenmsa, x/bx/kr; Lt -
koddummenT rternonpoBoanocty, BT/(M-K); MMq - MonsipHas Macca ra3oBoi
daspl, r/MOB; Mu - kKod(duueHT nuHamuueckou Bsa3kocTH, I[la-c; p - yucno
MoJel, Mosb/Kr;Pr’ - uncno Ipanarisa; RQ - razoBas nocrosanas, x/(kr-K); S -
sutponus, kJ[x/(kr-K); U - BHyTpeHHss1 sHeprus, kJ[K/Kr; V - yaenbHbIH 00beM,
M°/KT; Z - MacCOBas OISl KOHACHCHPOBAHHBIX (pa3.
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Tynryuy6exoBa Kouiabi3 TyHryudekoBaHbIH
«KpIuKblT ueiipes® CypbMa KEK KaJbITBIH aXbIpaTyy HpoOLEcCUH (u3UKa-
XUMUSJIBIK MOJICIJICIITUPYY JKaHa cypbMaHblH KbldKbUIBIH (I11) amyy» neren
temaga 02.00.01 - opraHukajgblk »MEC XUMHUS AJUCTHUTH OOIOHYA XUMUS
WIMMICPUHUH KaHIUAAThl WIUMHUN Japa’kachblH ajyyra TaJlallTaHbIl a3bUIraH
JTUCCEPTAIMSICBIHBIH
KOPYTYHAYCY

Herusru ce3nep: cyppbMma, KeK, KalblK, 4eipe, KBIYKBUITEK, a)XbIPOOo,
KOHLIEHTpAIUsl, Tapajbliil, (PU3UKA-XUMUSIIBIK MOJIET

N3unnee o0bekTHCH: CypbMa KEK KaJJIbITBIHBIH JJIEMEHTTHUK, (Da3aibik
Kypambl, Ta3-CyloK ¢asamapaa CypbMaHBIH KBIYKBUIIAPBIHBIH — TaPaJIIIIIHI,
KOMITOHEHTTEPIMH TEH CAJIMAaKTYyJIyK >kKaHa >KyMYII4y KOHIICHTPAIUSIIAPHI,
XUMUSUIIBIK, PU3UKA-XUMHUSIIBIK, TEPMOJIMHAMUKAIIBIK MYHO3/IOMOJIODY.

Numrun makcarbl: Cypema kek kamabirbiH (KCK) ras-cyroktyk ueiipese
aXbIpaTyy TMPOIECCHUHUH (PU3MKA-XUMUSIIBIK HETHU3MH TY3YY JKaHa KEKTUH
HEeTU3MHE CypbMaHbIH KbIukbUTBIH (111) amyy.

N3unneenyH bIKMajapbl >KaHa :Ka0dayyJap: aTOMIyK-aOCOpOIHUSIIBIK,
peHTreH-(a3aiblK, pacTPABbIK-3JIEKTPOHIYK MUKPOCKOMUS, PEHTTEH-CIEKTPaJIIbIK
MUKpOAHAIU3/EP; XUMHUSUTBIK, (PH3UKA-XUMUSIIBIK, TEPMOINHAMUKAIBIK BIKMAJIAP;
TETEPOTCHANK CHCTEMaHbl DJHTPOMHUSHBIH MaKCUMaIbIK jkaHa [ wOOcTHH
DHEPTUSACHIHBIH MUHUMAJIBIK MAaaHWJICPUHIE MOJIEII06 bIKMajapbl. Ammaparrap:
ciekrpometpiep: AAnalyst 800, ICP OES Optima 7000; anmapar D8 Advance,
IEKTPOHIYK-30HAYK MukpoaHaimm3aTop JXA - 8230.

AJIBIHTAH KbIABIHTBHIKTAP JKaHA aJapAblH KaHbLIBIKTAPbl. CypbMa KeK
KaJIJIBITBIHBIH (ha3alibIK >KaHa DJIEMEHTTUK Kypambl, (U3HKa-XUMUSIIBIK MOJEIIH,
KOMITOHEHTTEPJIMH TEH CAJIMAaKTYyJIyK KypaMbl J>KaHa KOHIEHTpAIUsIaphl
OupuHYM kody aHbIkTaaapl. CypbMaHBI KapMaraH KOMIIOHCHTTEp IkKaHa
OOMyKYONMOpAYH KOHIEHTPAIMSUIBIK — TapalibIlibl  TEMIIEpATypaHbIH  KEHUPH
MAaHUCUHJIE aHa airadykbl 3aTTapAblH ap KbUJI OIYOMIOPYHI® TaObUIIb;
CypbMaHBIH KBIYKBUIAApbl Ta3 ¢a3aceiHga: Sb,Os(k), Sb,04(x), ShsOs, SbO
TUOUHAE O0Mylly, MBIHAAH CHIPTKAphl METAIUIABIK cypbMa (Sb) jkaHa CypbMaHbIH
ruapuau (SbH) opyn anmapel OenruiieHiu; KOHICHCUPJICHTEH 3aTTapAbIH (hU3HKa-
XUMUSIIBIK JKaHa TEPMOJMHAMHKAJBIK MapaMeTpiepu ICENTENIN; MeTaulIapAblH
xyopugaepu (FeClz, NaCl) meHeH Ty3 KHCITOTACBhIHBIH, ajl SMHA MapraHCITHH KOIII
KbIYKBUIBIHBIH (IV) KYKypT KHCIIOTAachl jKaHa XJIOPHI HATPUHIUH YOHpOCcYHIe,
CYpbMaHbIH K€K KaJJBITBIHJATBl CYpPbMaHbIH CYJIb()UIMHUH CYpbMAaHBIH XJIOP
kplukbUtbiHA ~ (SbOCI)  alinmaHbImbl  KaHA aHBIH  HETU3WHJAEC CypbMaHBIH
KbIuKbUIBIHBIH ~ (I11)  anbiabier  Oenrwnenan. CypbMaHBIH  KEK  KaJIBIThIH
OQJIKBITBINT JPUTUI KyliMara ©TKepYY, CYPbMaHbIH KbIYKBUIBIH OaCKBIUTHIK
O6MyYHYH >KaHa adyyHYH NPUHIUINUAAIABIK TEXHOJIOTHSUIBIK CXEMAaChl WINTEIHIT
YBIKTHI.

Koanonyy cynymrapbl. CypbMaHbIH K€K KJIJBITBIHBIH XUMUSIIBIK,
(bu3UKa-XUMUSIIBIK, TEPMOIUHAMHKAJIBIK, CIIEKTPAJIJIBIK napameTpiepu
OpPTaHUKAJBIK dMEC XHMHS >KaHa OPTaHUKAJIBIK 5MEC 3aTTapAblH TEXHOJIOTHS
KypCTapblH OKyyJia aAUCTHK MaTepHasl KaTapbl CyHYyIIITaJIaT.

Koanonyy wueiipecy. IlpuHIMIUANABIK TEXHOJNOTHUSIBIK CXeMa KeK
KaJIIBITBIHAH CYPbMaHbIH KBIYKBUIBIH aJTyy/1a KOJAOHYIIYITY BIKTBIMAJ.

21



PE3IOME
nuccepranmu  TyHryuOekoBo JKbeuiapi3a TyHrydOekoBHBI Ha Temy: «®DHU3HKO-
XUMHUYECKOE MOJICJIMPOBAHUE TIpollecca JIECTPYKIMU CYPbMSIHOTO KeKa B
OKHCIIUTENIbHOU cpejie U nosiydeHue okcuaa cypbMbl (H11)» Ha conckanue yueHou
CTEIEHMW KaHAWAaTa XHUMHUYECKMX Hayk mo crenuaisHocty 02.00.01 -
HEOPTraHUYeCKask XUMHUS

KiioueBble cjI0Ba: cypbMma, K€K, OTXOJ, CpeAa, KHCIOpPOH, ACCTPYKIIHS,
KOHIICHTpAIWs, pacrpeaeieHne, (Pu3nKo-XxuMudecKas MOJICIb.

OO0bekT MccaenoBaHusi: (a3oBbIE U 3JIEMEHTHBIE COCTaBbl CYpPbMSHOIO
KEKa; KOHIICHTPAITMOHHOE pacHpelesieHue OKCHIOB CYPhMBI B Ta30-)KHIKOCTHOU
Cpele; paBHOBECHBIE M pabdoune KOHIICHTPAIMd KOMITOHEHTOB; XHMHYECKUE,
(bU3UKO-XUMUYECKHE, TEPMOIUHAMUYECKUE XapAKTEPUCTUKHU CUCTEM.

Hear paGorsl. Pa3zpaboTka (PU3MKO-XUMHUYECKUX OCHOB JECTPYKIUU
oTBaJibHOTO CypbMsiHOrO keka KCK B ra3o->KMJIKOCTHOW cpelie W MOJydYeHUe U3
keka okcuaa cypbmal (1),

MeToabl uccIeIOBaHUSI M anmaparypa. aTOMHO-aOCOpOIIMOHHEIE,
penTreHoda3oBsbie, pacTpoBas - AIIEKTPOHHAS MUKPOCKOIIHS,
PEHTIC€HOCTIEKTPAJIbHBIE MUKpPOAHAIM3bl; XUMHUYECKHE, (U3UKO-XUMHUUYECKHE,
TEPMOJIMHAMHYECKHUE METOJbl  pacueTa TeTepOTeHHOHW CHCTEeMBbl U €€
MOJICIMPOBAHUE TPU MAKCUMAIbHBIX 3HAYEHUSX DHTPONUU M MHUHUMAIbHBIX
3HAYCHUAX SHepruu ['mOOca. Ammaparypa: cnektpomerpsl AAnalyst 800, ICP
OES Optima 7000; ammapar D8  Advance, 3JaeKTpPOHHO-30HIOBBII
mukpoananuzatop JXA - 8230.

IlosryyeHHble pe3yJbTaThl MU MX HOBHM3HA. YCTAHOBJICHBI JJICMCHTHBIC,
dazoBeie cocTtaBbl cypbMsiHOro keka KCK u Ha uX OCHOBE COCTaBlieHa €ro
bU3MKO-XMMHUYECKas MOJCNIb. BriepBble  ompeneneHbl  KOHICHTPAIIMOHHBIS
pacnpenesieHuss CypbMyCOJepXkKalliuX KOMIIOHEHTOB W dYacTull B ¢aszax mpu
IIUPOKUX HMHTEPBAJIaX HW3MECHCHHS TEMIIEPaTyphbl M COOTHOIICHHSIX HCXOIHBIX
BemecTB. OTMEUEHO, YTO B Ta30BOil (aze conaepkaTcsi OKCUABI CypbMbl B BHUJIE:
Sb,0s5(k), Sh,04(k), SbsO, SbO, a Tarxke BCTpeyaroTCs MeETaIMUECKas CypbMa
(Sb) u rTumpua cypembl (SbH). Paccuutanel ¢Gu3NKO-XMMHUYECKHE U
TEPMOJIMHAMHUYECKUE TMapaMeTphl KOHJCHCUPOBAHHBIX (pa3. BreImenaunBanue
cyppMsiHoro keka ¢ xmopumamu MetamuioB (FeCl;, NaCl) B cpenme consHoi
KHCJIOTHI, a Takke auokcuaom mapraunia (1V) B cpee cepHO#t KUCIOTHI M XJIOpUa
HATPHS MO3BOJIUIIO MEPEBECTU CYIbPUI CypbMbl B xiopokcu cypbMbl (SbOCI) ¢
nocyenyronmm noxydeHueM okcuaa cypbmsl (1), OcymecTBinena aByxcraauiinas
mnaBka cypbmsiHOro keka KCK u cocraBnena nmpuHIMNUAIbHAS TEXHOJOTHYECKas
cxema nosryueHust okcuza cypemsi (111).

PexoMeHAaIUM 1O HCHOJIb30BaHMIO. XUMUYCCKUC, (PU3NKO-XUMUYECKUE,
TEPMOJIMHAMHYCCKHUE, CICKTPaIbHBIC IMMapaMeTphl CYPHMSHOTO KEKa TIOJIEC3HBI B
CHEIUAIBHBIX KypcaX B HCOPTaHMYECCKOW XMMHH W TEXHOJIOTHMH HEOPTaHUYECCKUX
BCIIECTB.

Obaactb npuMeHeHusi. [IpUHIMMMATBEHAS  TEXHOJOTHYECKas  cxeMma
JNECTPYKIIMM  CYpPbMSTHOTO KEKa B OKHUCIUTEIBHOM Cpele MOXKET ObITh
UCIIO/Ib30BaHa MPH MmotydeHuu okcuaa cypbMbl (111) U3 0TBaIbHBIX KEKOB.
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RESUME
of the dissertation of Tunguchbekova Zhyldyz Tunguchbekovna on the theme
"Physico-chemical modeling of the process of destruction of antimony cake in
oxidizing environment and production of antimony (Ill) oxide" presented for
candidate of chemical science degree on specialty 02.00.01 - inorganic chemistry

Keywords: antimony, cake, waste, environment, oxygen, destruction,
concentration, distribution, physico-chemical model.

Object of research: phase and elemental composition of antimony cake;
concentration distribution of antimony oxides in the gas phase; equilibrium and
working concentrations of components with different component ratios and
temperature regime parameters; chemical, physicochemical, thermodynamic
characteristics and changes in the properties of the system.

The purpose of the work development of physico-chemical bases of
destruction of dump KSK antimony cake in a gas-liquid medium and production of
antimony (I11) oxide from a cake.

Research methods and equipment: atomic absorption, X-ray phase,
energy - dispersive spectral analyzes; chemical, physic - chemical, thermodynamic
methods for calculating a heterogeneous system and modeling it at maximum
values of entropy and minimum values of Gibbs energy. Equipment: atomic
Absorption Spectrometer AAnalyst 800, optical emission spectrometers
inductively coupled plasma ICP OES Optima 7000, apparatusD8 Advance,
electron-probe mikroanalizatorJXA-8230.

Obtained results and their novelty: The equilibrium compositions and
concentrations of the components in the antimony cake are determined for the first
time and the elemental composition of the cake is established on their basis. The
concentration distributions of the antimony-containing components and particles in
the phases are established for wide ranges of temperature variation and the ratio of
the initial substances; It was noted that in the gas phase antimony oxides are
contained in the form: Sh,0s (c), Sh,0, (c), Sb4Os, SbO, and also metal antimony
(Sb) and antimony hydride (SbH). Physicochemical and thermodynamic
parameters of the condensed phases are calculated. Leaching of antimony cake
with metal chlorides (FeCls, NaCl) in a hydrochloric acid medium, as well as
manganese dioxide (IV) in a medium of sulfuric acid and sodium chloride, allowed
the transfer of antimony sulfide to antimony chloride (SbOCI), followed by the
production of antimony (I11) oxide. Two stages melting of antimony cake is carried
out and a basic process scheme for the production of antimony oxide is made.

Recommendations of use. The physico - chemical and thermodynamic
parameters of antimony cake are useful in special courses in inorganic chemistry
and technology of inorganic substances.

Field of application: The principal technological scheme for the destruction
of antimony cake in an oxidizing environment can be used in the preparation of
antimony (I11) oxide from dump cakes.
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